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CHAPTER 1 

THE SURFACE-TO-AIR MISSILE PROBLEM 

Section I.  INTRODUCTION 

1. PURPOSE AND SCOPE 

a .  Purpose. This text i s  a guide for the officers who a r e  assigned to a 
Nike I missile battalion and i t s  component units, o r  to higher headquarters 
which have Nike I units assigned to them. 

b. Scope. Covered in this text is the operation of the Nike I computer, on 
a detailed block diagram level. 

2. REFERENCES AND DEFINITIONS 

a .  References. References to TM 9-5000-8 may be abbreviated~ 
for example, See figure 11-85. References to other special texts will 
show the complete text number and, where appropriate, the paragraph number; 
for  example, rn 9-5000-2 , par 3. 

• b. Definitions. See appendix I for a glossary of symbols and abbreviations. 

3.  GENERAL 

a .  History. At the close of World War I1 i t  became apparent that develop- 
ment of faster and more maneuverable hostile bomber aircraft  and infinitely 
more destructive bombs, such a s  the atomic bomb, made it  necessary to 
increase the capabilities of antiaircraft artillery weapons to attack and destroy 
such aircraft .  Two d,isadvantages of heavy artillery (90- and 120-mm guns) 
became apparent: limited range and insufficient accuracy. The operating ceil- 
ing of present-day aircraft  has increased to such an extent that airplanes may 
fly above the maximum effective range of heavy arti l lery.  With the probability 
that hostile aircraft  will ca r ry  atomic armament, i t  becomes even more urgent 
that the accuracy of heavy AAA be increased to insure the destruction of hostile 
aircraft  before the bombs a r e  released. A 90- o r  120-mm projectile has a 
long and uncontrolled time of flight. Although the fire control equipment is 
capable of accurately predicting the point of impact, the ability of hostile a i r -  
craft  to maneuver while the projectile is in i t s  uncontrolled flight may result  in 
such a great  mi s s  distance that the battery will be unable to accomplish i t s  
mission. Weapons have been developed which a r e  capable of attacking and 
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destroying modem enemy aircraft. One of these weapons is the surface-to-air 
guided missile (SAM). The surface-to-air missile has  an effectiveness consid- 
erably greater  than heavy artillery. It has  a greater  range because of i t s  motor, 
and is more accurate because i t  is guided during flight. Surface-to-air missiles 
a r e  guided throughout most of their flight paths from ground to target, and a r e  
capable of outmaneuvering any presently known hostile aircraft  operating at 
medium o r  high altitudes. The Nike I missile is a missile of this type. During 
flight the Nike is guided from the ground by a f i re  control system. 

b. Targets.  The f i re  unit of the guided missile system, XSAM-A-7, i s  the 
battery. The primary purpose of the battery is the destruction of long range, 
bomber type aircraft .  A typical target may be assumed to be a bomber having 
an effective radar  a rea  of 26 square meters,  which is comparable in size to the 
present B47. This target is expected to have a ground speed of 650 knots, a ceil- 
ing of 60,000 feet, and a maximum maneuverability of 3g a t  40,000 feet. These 
performance characteristics a r e  in excess of those of presently known types of 
bomber aircraft .  The mathematical computations necessary for accurate guid- 
ance of the missile a r e  performed by the computer. Therefore, the reader  must 
under stand the problem which the computer solves . 

Section 11. THE SURFACE -TO-AIR MISSILE PROBLEM 

4. GENERAL 

a.  Definition. The surface-to-air missile problem i s  to guide a missile 
launched from the ground so that it will a r r ive  and burst in the sky close enough 
to a target a t  the time of burst. to destroy the target. The steps in the solution 
of this problem depend upon the weapon to be used and upon the type of guidance 
system chosen to guide the missile. 

b. The command guidance problem. In the Nike I system the direction of 
flight of the missile is controlled by the computer. The computer-controlled 
flight s ta r t s  about 7 seconds after the missile is fired and ends with the burst  
of the missile after a burst  order has been issued by the computer. The two 
tracking radars  keep the computer continuously informed about the present 
positions of target and missile, and the computer issues to the missile direc- 
tional commands designed to make the missile intercept the target in the short- 
es t  possible time. This method of guiding a missile by ordering i t  to change i t s  
direction of flight is known a s  command guidance. The surface-to-air command 
guidance problem can be posed by the following question, which the computer 
must answer: Knowing the present position of target and missile, and knowing 
also where target and missile have been, what directional order should be issued 
to the missile a t  the moment in order to bring about interception in the shortest 
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possible time? In the formulation of the command guidance problem, past posi- 
tion data must be taken into account. Knowledge of present positions alone would 
not be sufficient for steering the missile. It is not sufficient to know where the 
target is a t  the moment; the computer must also know in which direction the tar- 
get is going and how fast i t  is going there. Thus, the courses of the target and 
the missile can be predicted and their interception under these circumstances can 
be determined. Should their predicted courses not intercept, this future predic- 
tion tells how to rectify the missile course. To tell the directian and the speed 
a t  which an object is moving, it i s  necessary to observe i t  for a short time and 
remember where it has been. Hence, the computer needs a memory. The mem- 
ory of the computer l i es  in i t s  differentiating circuits. The computer has no 
control over the speed of the missile. It can tell the missile to turn right o r  left, 
up o r  down, but it cannot tell the missile to go faster o r  slower. Therefore, the 
fixed quantities a r e  missile speed and target direction and speed. With these 
fixed quantities and with missile and target present positions, the computer must 
find the correct missile course (direction of flight), and must determine the fin 
orders  which a r e  appropriate for bringing the missile onto this correct course. 
This course will be correct only a s  long a s  the direction of flight and speed of 
the target do not change. If the target performs some maneuver, the correct  
course for the missile changes continuously and the computer must issue contin- 
uous steering orders  to keep the missile a s  close a s  possible to the latest  answer 
for the correct course. 

c .  The intercept course. The f i rs t  question which a r i s e s  in the study of the 
command guidance problem is the following: When the direction of flight and 
the speed of the missile a s  well a s  the present position of target and missile is 
known, in which direction should the missile be moving so that i t  will approach 
the target a s  rapidly a s  possible? This question falls into the general study of 
pursuit curves. Looking a t  the problem from a purely intuitive point of view, 
i t  might seem a t  f i rs t  that the correct  course would be that in which the missile 
flies so that i t  points directly at  the target. A pursuit based on this simple rule 
generates a curve known a s  a dog curve, because that is roughly the path a dog 
follows when pursuing a rabbit. Such a pursuit curve places minimum require- 
ments on the intelligence of the steering apparatus (ground control), and is used 
by a c lass  of missiles that operate on the homing principle. A missile which 
flies a dog curve intercepts a moving target la ter  than a missile flying a more 
advantageous course. As a result, a target might escape the range of the guid- 
ance equipment, although i t  could have been intercepted if a pursuit curve with 
a faster rate  of approach were used. It is quite plausible that the pursuit time 
can be reduced by heading off the target, that is by flying the missile toward a 
point which is ahead of the target. This is done with an AA projectile when it is 
fired a t  the future position of the target in space. A pursuit curve which takes 
full advantage of time that can be gained by leading the target is called an inter- 
cept curve. Mathematical analysis of the pursuit problem shows that the 
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requirement for maximum rate  of approach is met by the intercept curve. The 
Nike I computer directs  the missile so that i t  approaches the target along a 
slightly modified intercept course. Therefore, the problem which the Nike I 
computer solves is the determination of the correct intercept curve which the 
missile must follow so that the missile will a r r ive  and burst in the sky close 
enough to a target at the time of burst to destroy the target. 

5. ORIENTATION OF THE MISSILE 

a .  General. An elementary knowledge of the missile and i t s  external guid- 
ance system is desirable a s  background information before discussing a solution 
to the SAM problem. 

P FIN P FIN 

+ 
BELLY 

Figure 1. Rear view of the orientation of the f i rs t  Nike missile. 

b. The missile. The original Nike I missile was caused to turn (yaw) by 
applying orders  to the Y- fin pair, and to dive o r  climb (pitch) by applying orders  
to the P-fin pair while the missile was traveling through space. The maximum 
permissible dive of the missile flying a s  shown in figure 1 did not permit the 
missile to intercept a target within the dead zone shown in figure 2. The dead 
zone can be reduced by orienting the position of the missile in flight a s  shown 
in figure 3 .  By rotating the Y-fin pair 45" c o u n t e r c l o c ~ s e  the dead zone is 
reduced because the same dive order now applied to both fin pairs  will result  
in a maximum resultant dive 1.414 times greater .  For  example, an accelera- 
tion order  of -5g applied to the missile P-fins a s  shown in figure 1 will permit 
a maximum dive of 5g; whereas, 5g applied to both fin pairs  a s  shown in figure 
3 will result  in a maximum dive of (1.414)(5g) == 7g a s  shown in figure 4. 
Thus, the dead zone is considerably reduced. A 7g dive is the maximum dive 
the Nike missile can make. Fin orders  to the missile a r e  in t e rms  of acceler- 
ation where 5g is an order  which would cause the missile to accelerate 5 t imes 
faster  than the acceleration due to the force of gravity (g = 10.7 yards  per  
second per second). The missile is stabilized so that i t  does not roll on i t s  
longitudinal axis a s  i t  travels through space. An external view of the missile 
showing control fins appears in figure 5. 
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I MISSILE 

LAUNCHER 
Figure 2. Intercept i s  impossible within the dead zone. 

/VERTICAL CENTER LINE 

DIRECTION OF TRAVEL 
INTO PAGE 

P FIN 

- 'BELLY 
Figure 3 .  Orientation of the present Nike I guided missile. 

-59 TO Y FIN PAIR 

Figure 4. Resultant dive order with -5g applied to each fin pair.  
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fixed reference common to both the computer and the missile. Once the missile 
is launched, this fixed reference must not change regardless of the attitude of 
the missile. The device used to maintain this fixed reference is the roll amount 
gyroscope. The use of the roll amount gyroscope for this purpose imposes a phys- 
ical limitation upon the amount that the missile may turn to the right o r  left. If 
the angle through which the missile turns (yaws) exceeds a certain design limit, 
the gyroscope is forced into a condition known a s  gimbal lock. When the gyro- 
scope is in gimbal lock the reference no longer remains fixed, but changes when- 
ever  the missile attitude changes. Consequently, if gimbal lock occurs the mis- 
sile becomes uncontrollable. Because of this physical limitation the computer 
determines the azimuth of the intercept point before the missile is launched. The 
computer then transmits to the missile the intercept point azimuth which causes 
the plane of the roll amount gyro to be oriented in the azimuth of the intercept 
point. With the plane of the roll amount gyro so oriented, the missile, approxi- 
mately 5 seconds after launch, is guided on the azimuth to the intercept point. If 
the target does not change i t s  course and speed after missile launch, the angle 
through which the missile will turn on i t s  way to the intercept point is quite small. 
Little time i s  lost in making such a small turn, and the time elapsed between 
launch and intercept is considerably reduced from the time which would elapse 
if the missile were required to turn through large angles. One advantage, then, 
of prelaunch determination of intercept point azimuth is the increased rate  of 
battery fire because of the reduced launch-to-intercept time. Even if the target a executes a violent evasive maneuver, the resulting angles through which the 
missile would have to turn will almost never be large enough to exceed the crit i-  
cal angle for gimbal lock. 

7. MILITARY SPHERICAL COORDINATES 

a.  General. Points on the ground and in space a r e  located by describing 
the position of such points with reference to directions o r  points which a r e  known. 

b. Definition. Spherical coordinates a r e  defined a s  a system for locating 
a point in space by the length of a radius vector from the fixed origin, the angle 
this vector makes with a reference plane through the origin, and the angle the 
projection of the radius vector on the reference plane makes with a fixed line is 
the reference plane. 

c .  Military spherical coordinates. The location of a target and missile in 
space is determined by using the spherical coordinates commonly used by the 
Army. The three spherical coordinates a r e  slant range (D), elevation angle (E), 
and azimuth (A). Figure 6 shows a target located by spherical coordinates. 
Target slant range, elevation, and azimuth a r e  called m, ET, and AT, respec- 
tively. The spherical coordinates of the missile a r e  DM, EM, and AM. 
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1 1 1 1 1 1 1 1 1 1 1  

VERTICAL PLANE 

Figure 6 .  Location of a target using spherical coordinates. 

8. RECTANGULAR COORDINATES 

The mathematical computations which must be performed by the computer 
a r e  more easily accomplished by using rectangular coordinates. For  thls 
reason, target and missile locations a r e  converted from spherical to rectan- 
gular earth coordinates. Rectangular earth coordinates a r e  commonly used by 
the Army. A military map is gridded with horizontal and vertical lines. Sol- 
d ie rs  a r e  taught during basic training to follow the rule, read right and up. 
The numbers on each grid line increase in magnitude when reading from left to 
right (west to  east) and when reading from bottom to top (south to  north). The 
most common unit of measurement in the rectangular coordinate system is the 
yard. The reference point in this system is known a s  the origin of coordinates. 
In 2-dimensional rectangular coordinate systems, two lines called axes pass  
through the origin and intersect a t  right angles to each other. Figure 7 shows 
a 2-dimensional rectangular coordinate system. The horizontal and vertical 
axes a r e  designated a s  the X and Y axes. A 2-dimensional rectangular coordi- 
nate system is contained in a plane surface. A 3-dimensional coordinate system 
is formed by passing an additional axis through the origin perpendicular to the 
X and Y axes, and hence perpendicular to the plane formed by the X and Y axes. 
A 3-dimensional coordinate system i s  shown in figure 8. The axis  perpendicular 
to the X and Y axes i s  designated a s  the H axis. The location of a target, T, in 
a 2-dimensional coordinate system is shown in figure 9. Point T i s  located by 
measuring i t s  distance from the origin along the X and Y axes. The X coordi- 
nate is 4 units and Y coordinate is 2 units. The location of a point, T, in a 
3-dimensional coordinate system is shown in figure 10. Point T is located by 
measuring i t s  distance from the origin along each of the three axes. The X 
coordinate is 4 units, the Y coordinate is 4 units, and the H coordinate is 2 
units. 
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Y 
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ORIGIN 
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Figure 7. Two-dimensional rectangular coordinate system. 

a 
H 

X Y 

Figure 8. Three-dimensional rectangular coordinate system. 
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Figure 9. Location of a point in a 2-dimensional coordinate system. 

H 

Figure 10. Location of a point in a 3-dimensional coordinate system. 

9. SPEED, VELOCITY, AND ACCELERATION 

a.  Speed. Speed is defined a s  the rate at which distance changes with 
respect to time. Consider a sedan moving along a road. If the speedometer 
dial points to the number 45 the driver knows that the speed of his sedan is 
45 miles per hour. In computations performed by the Nike I computer, speed 
is expressed in yards per second. (Conversion factor: 1 mph = 0.5 yd/sec, 
approximately.) 
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b. Velocity. The term velocity expresses both speed and direction. 
Velocity can be represented by a vector. If a driver in a sedan equipped with 
a compass i s  moving a t  a speed of 45 miles per hour a s  indicated by his  speed- 
ometer, and a t  the same time his compass needle points northeast, then his 
sedan has  a velocity of 45 miles per  hour northeast. In computations performed 
by the computer, velocity is expressed in t e rms  of yards  per second and direc- 
tion is expressed in mils  measured from an established line of direction. Thus, 
the velocity of the sedan above is expressed a s  22 yards per second, a t  an azi-  
muth of 800 mils  from north. A change of velocity with respect to time may 
imply a change in speed, a change in direction, o r  changes in both speed and 
direction. 

c .  Rectangular components of velocity. Many of the computations per-  
formed by the computer a r e  made in te rms  of velocity expressed in rectangular 
coordinates. The represehtation of a velocity in rectangular coordinates 
requires that the vector which represents velocity be resolved (converted) into 
components which lie along the axes of the coordinate system being used. The 
process of resolving a velocity into i t s  2-dimensional cqmponepts is shown in 
figure 11. The velocity produces X and Y components (X and Y) of the vector V. 

------- 

Figure 11. Resolving a vector into i t s  rectangular components. 

d. Acceleration. Acceleration is defined a s  the time rate-of-change of 
velocity a s  regards either speed, direction, o r  both. Consider the man in the 
sedan going 45 mph with his compass pointing northeast. If 1 hour la ter  the 
speedometer indicates 50, 2 hours la ter  i t  indicates 55, and 3 hours la ter  i t  
indicates 60, the average acceleration is 5 miles per hour per hour. As 
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another example, consider again the sedan traveling at 45 miles per  hour with 
the compass indicating northeast (800 mils). If 1 minute later the compass reads 
east (1,600 mils), and 2 minutes la ter  it reads southeast (2,400 mils), the aver-  
age change in direction i s  800 mils per  minute. In this example, the direction 
associated with velocity has changed with respecr to time and by definition the 
sedan i s  accelerating. This i s  true even though the 45-mph speed of the sedan 
i s  unchanged. The process of steering the missile during i t s  flight consists of 
causing the missile to change direction while in flight. Therefore, the missile 
i s  guided by causing it to accelerate and for this reason the voltages produced by 
the computer a s  final outputs a r e  expressed in terms of acceleration. The unit 
used is g. It is a symbol which represents the acceleration due to the force of 
gravity and i s  equal to 10.7 yards per  second per  second. For  example, a mis- 
sile that makes a 7g turn has an acceleration 7 times greater than the accelera- 
tion due to gravity. 

( 1 )  Addition o f  vectors .  
v 

I 
1 L L 
1 r T ) X  

v2 

( 2 )  Vector addi t ion  alonn coordinate axes .  

Figure 12. Vector addition. 

e .  Vector addition and subtraction. A review of the principles of vector 
addition and subtraction i s  necessary because the majority of the quantities 
developed in the computer a r e  vector quantities. One important fact to be 
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remembered is that on paper the arrow which represents a vector may be moved 
to any position a s  long a s  it is kept parallel to i t s  original position. Two o r  more 
vectors may be added by graphically attaching the tail of one vector to the head of 
the other. Figure 12 illustrates this process. V1 extends from the origin 0. 
The tail of V2 is attached to the head of V1. The resultant (V1 + V2) extends from 
0 and meets the head of V2. Vector addition i s  shown on rectangular coordinate 
axes in figure 12. Vector subtraction i s  performed by reversing the direction of 
the vector to be subtracted and then performing vector addition. Figure 13 shows 
this process. 

A Y A Y 

v 2  0 v I v 2  - V I  ",' 0 
V I  VI-v2 

4 w L 
r + 4 w I + 

X 

(1 X C T O R S  VI A N D  V2 ALONG X M I S  (2) VECTOR V 2 - V I  
V I - V 2  

• Figure 13. Vector subtraction. 

10. RESOLUTION OF VECTORS 

a .  General. The computer in a number of instances knows the components 
of velocity along one set of axes and needs to know the components of velocity 
along another set of axes. This operation of the computer, to find the compo- 
nents of velocity along the new axes, is called resolution of vectors. The method 
of converting components of velocity from one rectangular coordinate system to 
another which i s  rotated away from the original by some angle consists of draw- 
ing the axes of the new coordinate system and using the laws of trigonometry to 
find the magnitude of the components in the new system. 

b. Conversion of missile velocity from rectangular earth to gyro coordi- 
nates. As an example of the graphical conversion of components from one system 
to another, consider the conversion of missile-velocity components from rectan- 
gular earth-to-gyro coordinates. Figure 14 illustrates this method. The compo- 
nents of xM and YM along the YG axis a r e  a s  follows: 

The component of xM along the YG axis i s  xM sin AG. 

The component of kM d o n g  the YG axis is iM cos AG. 

13 a 
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I YGM = xM sin AG + irM cos AG. 

This equation also represents the algebraic computation performed by the compu- 
t e r .  

The component of xM along the XG axis i s  xM cos AG. 

The component of YM along the XG axis is YM sin AG. 

To find XGM, these-components of velocity a r e  added vectorially, so that the 
vector equation for  kM is: 

and the algebraic equation is :  

XGM = XM cos  AG - YM sin &. (3) 

The missile velocity is in the direction of the resultant vector a s  shown in 
figure 15. The components of velocity along the earth axes a r e  Y M and XM. 

XGM' XMCOS A G - $ ~  SIN AG *M WS A G ~  

Figure 14.  Conversion of missile velocity from rectangular earth-to-gyro 
coordinates. 

14 
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rn Figure 15. Components of missile velocity. 

Section HI. THE NIKE I COMPUTER REFERENCE PLANES AND AXES 

11. GENERAL 

Ln i t s  solution 02 the surface-to-air missile problem the Nike I computer 
requires a system of reference. (See figure 11-85 ) This reference sys- 
tem consists of four planes, three coordinate systems, and three angles. The 
planes are: the earth plane, the horizontal plane, the gyro reference plane, 
and the missile velocity slant plane. The coordinate systems are: the earth 
coordinate system, the gyro coordinate system, and the missile coordinate sys- 
tem. The angles are: the gyro azimuth angle, the climb angle, and the turn 
angle. A definition of each of the planes, coordinate systems, and angles is 
given below. 

The earth plane is the basic reference plane of the Nike I system. It is the 
horizontal orientation plane of the target-tracking radar  and contains the earth 
X (east-west) and Y (north-south) axes. The earth plane is fixed when the sys- 
tem i s  oriented. 

382379 0 - 56  - 2 15 
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13. THE HORIZONTAL PLANE 

The horizontal plane is always parallel to the earth plane and contains the 
gyro reference axis XG and YG. The plane changes in altitude a s  the missile 
climbs o r  dives, but during the missile flight phase never changes its orien- 
tation. 

14. THE GYRO REFERENCE PLANE 

The gyro reference plane is a verticalplane, with the missile gyroscope a s  
i t s  center, and i s  the plane of rotation of the gyro rotor.  The plane contains 
the YG axis, the HG axis, the predicted intercept point, and the gyro rotor.  
The gyro reference plane i s  fixed along the gyro azimuth and changes position 
a s  the gyro azimuth changes during the prelaunch phase. 

15. THE MISSILE VELOCITY SLANT PLANE 

The missile velocity slant plane i s  a slant plane containing the XG axis and 
the missile velocity axis. The missile velocity plane is not a fixed plane due to 
the fact that the missile velocity vector changes during the missile 's  flight. The 
plane pivots around the XG axes. 

16. EARTH AXES 

The Y axis is a north-south line, while the X axis is an east-west line, lying 
in the horizontal earth plane and passing through the origin (target-tracking 
radar).  The H axis i s  perpendicular to both the X and Y axes at  their point of 
intersection (TTR). The following rule is used with the rectangular earth coor- 
dinate system. Distances measured eastward from the origin (along the X axis) 
a r e  positive; those measured westward a r e  negative. Distances measured 
northward from the origin (along the Y axis) a r e  positive; those measured south- 
ward a r e  negative. The H distance i s  positive when above the target-tracking 
radar  and negative when below it .  The X component of velocity i s  positive when 
the arrow points to the east, negative when the arrow points to the west. The Y 
component of velocity is positive when the arrow points northward, negative when 
the arrow points southward. The H component i s  positive when it  points up, nega- 
tive when i t  points down. The rule and the application of the rule a r e  valid regard- 
l e s s  of the location of the missile o r  target in space with respect to the target- 
tracking radar .  

17. GYRO AXES 

The gyro reference and gyro spin axes a r e  perpendicular to each other. I l l e  
gyro reference axis is designated YG and always points toward the projection of 
the intercept point on the horizontal plane before the FIRE switch i s  thrown. The 
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gyro spin axis is designated a s  XG. The angle between the Y axis and YG axis 
i s  AG, the gyro azimuth angle. 

18. MISSILE AXES 

The missile axes intersect at the missile 's  center of gravity. The missile 
axes are:  

a .  The climb axis, which i s  vertical through the center of gravity. 

b. The turn axis, which is horizontal and passes through the center of 
gravity. 

c .  The missile velocity axis, which is perpendicular to the other two and 
l ies  longitudinal through the missile. 

19. GYRO AZIMUTH ANGLE 

The gyro azimuth angle is the angle measured clockwise from north to the 
YG line. Its apex i s  a t  the designated launcher. This angle i s  always positive. 

20. MISSILE FLIGHT ANGLES 

a .  General. The missile flight angles a r e  the climb angle and the turn angle. 

b. Climb angle. The climb angle is the angle between the horizontal plane 
and the missile velocity slant plane. This angle i s  always positive and i s  unlimited. 

c .  Turn angle. The turn angle i s  the angle between the intersection of the gyro 
reference plane and the missile velocity line, measured in the missile velocity 
slant plane. It i s  positive in a clockwise direction, a s  observed from the r e a r  of 
missile, and negative in a counterclockwise direction. This angle i s  limited by 
computer circuitry to +70°.  
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CHAPTER 2 

THE NIKE I COMPUTER 

Section I. GENERAL 

21. BACKGROUND 

The solution of the antiaircraft artillery problem has always been extremely 
complex. The movement of the target a s  well a s  the ballistics of the gun and of 
the projectile must be taken into consideration. With the increased performance 
of aircraft ,  the problem of obtaining a kill with conventional artillery has become 
almost impossible. The advantage of the Nike I system over conventional anti- 
aircraft  artillery is that the missile may be guided from the ground during flight. 
To perform the calculations involved in guidance, an electromechanical computer 
was devised, To solve the problem, it i s  sufficient for the computer to know the 
present position of the target and of the missile. However, the computer must be 
able to calculate the direction of travel and the speed of the target and of the mis-  
sile. Thus, if the course of the target and missile can be predicted, the inter- 
ception of the target by the missile under these circumstances can be determined. 
Should the present missile course not intercept the target, this prediction will 
tell how to rectify the future course of the missile. The computer must issue 
continuous steering orders  to keep the missile a s  close a s  possible to the latest 
correct course.  The Nike I computer i s  subdivided functionally into three sec- 
tions: the prelaunch section, the initial turn section, and the steering section. 
Each section functions according to an ordered sequence of events automatically 
controlled by relays, switches, and t imers  dispersed throughout the computer. 

22. PRELAUNCH SECTION 

Assuming that a target has been detected and identified a s  hostile, .the lnfor- 
mation defining i t s  position i s  transferred from the battery control t ra i ler  to the 
radar  control t ra i ler .  When the radar operators indicate that they a r e  tracking 
the designated target, the computer enters the prelaunch phase. Four seconds 
a r e  necessary for the computer to settle and to begin to supply smooth, reliable 
data after the target-tracked signal has been received. During this phase, the 
prelaunch section receives target present position data a s  well a s  data regarding 
the position of the missile to be fired. The computer predicts the intercept point 
position and the time of flight of the missile by combining data regarding the pres -  
ent position and the rate  of change of target position with data known to represent 
the ballistic characteristics of the missile. The prelaunch section then solves for 
the time of flight and the azimuth angle of the ground projection of the intercept 
point. The time of flight of the missile i s  required for two reasons: 
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a .  A time-of-flight plot enables the battery control officer to observe the 
progress of the engagement and to determine when to initially open fire.  

b. Without the knowledge of the time of flight, the prediction of the intercept 
point would be impossible. 

The azimuth angle of the intercept point is the clockwise angle between north and 
a horizontal projection of the line connecting the launcher and the intercept point. 
The value of this angle is required at the launcher to orient the missile roll gyro 
so that the gyro reference plane, which contains the initial missile trajectory, will 
also contain the predicted intercept point. This i s  necessary because the gyro 
imposes a limit in turn of 70' right o r  left of center on the missile.  Therefore, 
the gyro azimuth is determined a s  accurately a s  possible so that the missile will 
never need to approach this 70' limit. The fire order  initiates the flight phase 
and applies a brake to the gyro preset servo shaft. 

23. INITIAL TURN SECTION 

At the end of the boost phase, the missile will be heading upward at an uncertain 
angle, and i t  will require a rapid maneuver to bring the missile onto an approxi- 
mate intercept course. Rapidity in executing this maneuver is of prime importance, 
since i t  is possible that the missile is initially moving in the wrong direction. If 
it i s  moving away from the correct course, i t s  position with respect to the target 
becomes increasingly l e s s  favorable every second that passes before the missile 
has been swung around. The regular missile control system operating on the s teer-  
ing vector principle is inadequate for steering the missile during this sharp maneu- 
ver .  For  this reason, the initial turn section is provided for controlling the mis- 
sile during the initial turn phase of computer controlled flight. The initial turn 
section will also steer the missile in a path that will not exceed the maximum 
tracking rate  of the missile-tracking radar .  The initial turn section will control 
the missile until the on-trajectory and radar-cleared signals have been received. 

24. STEERING SECTION 

After the initial turn section ceases to function, the steering section s ta r t s  
to direct the missile toward the intercept point. It determines steering e r r o r s  
by talung the components of the relative closing velocities, obtained by differ- 
entiating the rectangular coordinate values of the missile and target positions, 
and equating them to the corresponding velo.cities obtained by dividing the clos- 
ing distance between the missile and the target by the predicted time to intercept. 
The steering e r r o r s  a r e  then transferred into the gyro and missile axes and 
resolved into acceleration orders  to the missile fins. These orders  a r e  trans- 
mitted to the missile via the missile-tracking radar  beam which causes the 
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missile to fly a course in order to reduce the steering e r r o r s  to zero. When 
the time to intercept reaches 250 milliseconds, the burst circuit i s  enabled and 
the time correction voltage i s  disconnected from the time-to-intercept servo, 
whch  thereafter i s  allowed to run down at a second/second rate.  At a pre-  
selected time before the time to intercept reaches zero, the burst order  i s  sent 
to the missile. Burst i s  ordered before zero time for two reasons: 1) there is 
a slight delay encountered between the time of issuance of the burst order  and 
the detonation of the warhead; and 2) it is advantageous to burst the warhead 
somewhat short in certain situations. For example, if the target and the mis- 
sile were approaching each other at supersonic speed, it would be advantageous 
to allow the burst pattern to expand and let the aircraft fly into the pattern. At 
present, i t  i s  believed that for an approaching target, the burst order should be 
sent 105.5 milliseconds before time zero. If the exploding missile destroys the 
target and the target tracked signalis removed,the computer returns to the 
standby condition and i s  then ready for the next problem. Otherwise, the com- 
puter is returned to the prelaunch configuration. The missile-tracking radar  
slews to the next designated missile o r  the test responder if no missile i s  
designated. 

25. LOCATION OF COMPUTER ELEMENTS 

a .  General. Refer to figure 11-22 ; a drawing of the interior of the 
battery control trailer is shown. The computer i s  located at the immediate 
left of the entrance port. The first  components seen a r e  the two amplifier 
cabinets. Next to the amplifier cabinet assembly is the computer servo cabi- 
net. The third component i s  the computer power cabinet. The three sections 
of the computer a r e  on the road side of the t rai ler .  On the curb side of the 
t rai ler  a r e  the horizontal and vertical plotting boards. These components a r e  
associated with the computer and operate on inputs obtained from the computer. 

b. Computer amplifier cabinet. Refer to figure 11-31 . On the left 
side of the diagram a r e  the two sections of the computer amplifier assembly. 
When the locking handles provided a re  used, the doors open readily. There 
a r e  two swinging frames upon which a r e  momted the 76 DC amplifiers, zero- 
setting mechanisms, testing devices, and other components. The r e s t  of the 
components a r e  mounted on the r e a r  wall of the amplifier cabinet. Most of the 
components mounted on the rear  wall a r e  arranged in hinged sections which 
may be opened for removal o r  testing of thb units. Located here a r e  computer 
modulators, servoamplifiers, relay panels, terminal strips, and other compo- 
nents. The functional designations of the computer components a r e  indicated 
on the individual chassis. Directly below each DC amplifier is i t s  input and 
feedback network. The eight zero-setting controls a r e  located in the center 
of the swinging frames. The DC amplifiers associated with one AZS control 
a r e  mounted adjacent to i t .  At the bottom of the amplifier cabinets a r e  
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terminal s t r ips  21 through 270 on the left side, and 271 through 500 on the right 
side.  In general ,  one may observe that the right portion of the amplifier cabinet 
contains components employed in steering e r r o r  channels, target  coordinates, 
and solution of the intercept point. The left  portion contains components relating 
to miss i le  coordinates, initial turn circuits ,  and various miscellaneous c i rcui ts .  

c .  Computer servo cabinet. Refer to figure 11-34 At the top is the 
computer control panel. This panel contains many of the controls which affect 
computer operation. Of special importance a r e  the COMPUTER CONDITION 
switch and the parallax and static test  switches. See figure 11-35 of l y .  In the 
compartment below a r e  the five computer servos .  The servos  may be readily 
removed for maintenmce and adjustment. The five servos  in the Nike I compu- 
t e r  a r e ,  from left to right, top to bottom: 

(1) The climb angle servo.  

(2) The turn angle servo.  

(3) The time-to-intercept servo.  

(4) The gyro azimuth servo.  

(5) The ballistic elevation servo.  The dead-time unit is also in the left 
co rner .  

The ballistic r es i s to r  panel and the test  voltage dividers a r e  mounted behind the 
computer control panel. 

d .  Computer power cabinet. Refer to figure 11-36 The computer 
power cabinet and i t s  internal components a r e  shown in this figure. The power 
control panel (fig 11-37 ) , power supplies, plugs, jacks and terminal s t r ips  
concerned with the distribution of a -c  and d -c  power to the various units in the 
computer and plotting boards a r e  contained within this cabinet. The components 
may be removed for maintenance and adjustment. 

Section 11. THE PRELAUNCH SECTION 

26. GENERAL 

The purpose of this section is to present to the reader  a detailed block dia- 
g r a m  discussion of the units which make up the prelaunch section of the Nike I 
computer. Each unit discussion will include, where applicable, a mathematical 
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enalysis of circuit operation, and a discussion of the function of t he  llnit The 
detailed block diagram of the prelaunch section i s  shown in TM 9-5000-8, page 
113. 

27. TARGET COORDINATE CONVERTER 

The purpose of the target coordinate converter is to convert the target present 
position data from spherical to rectangular coordinates. It is composed of 3 
spiral potentiometers and 10 DC amplifiers. The range data potentiometer is 
located in the radar  range and receiver cabinet in the radar  control t ra i ler .  The 
azimuth and elevation data potentiometers a r e  located in the azimuth and elevation 
data converter units on the target-tracking radar  antenna t ra i ler .  The ten DC 
amplifiers a r e  located in the computer amplifier cabinet. For  easy identification, 
the position of each DC amplifier on the equipment frame i s  labeled according to 
the function of the amplifier. Fo r  example, the -DT amplifier i s  clearly stamped 
-DT. There a r e  three inputs to the coordinate converter: DT, ET, and AT. 
These a r e  shaft positions determined by mechanical positioning of the target 
antenna and range unit. Essentially there a r e  three outputs (XT, YT, and HT); 
however, both positive and negative values of each of these outputs a r e  needed. 
Each output may also have more than one use in the computer. The scale factor 
used in the coordinate converter i s  determined by the voltage applied to the range 
data potentiometer and the maximum range it is designed to represent.  The volt- 
age applied to the range data potentiometer is the regulated scale factor voltage, 
+lo6 213 volts. The maximum design range is 106,666 yards.  The n~aximum 
range data which can be supplied by the range data potentiometer i s  limited to 
100,000 yards  by the range limitations of the TTR. The scale factor is 1 milli- 
volt (0.001 volt) per yard. 

28. MATHEMATICAL ANALYSIS OF THE TARGET COORDINATE CONVERTER 

Figure 16 il lustrates the method by which spherical coordinates a r e  converted 
to rectangular coordinates. It can be readily proved that a mathematical relation- 
ship exists between spherical and rectangular coordinates, and that the following 
equations a r e  true: 

HT = DT sin ET (the altitude of the target above the TTR). (4) 

RT = DT cos ET (the ground range of the target from the TTR) . (5) 

XT = RT sin AT (east-west component of target position in earth 
coordinates). (6) 

YT = RT cos AT (north-south component of target in ear th  
coordinates). (7) 
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Figure 16. Resolution of target present position data into rectangular 
coordinates . 

29. SIMPLIFIED FUNCTIONAL OPERATION OF THE TARGET COORDINATE 
CONVERTER 

a .  Range data potentiometer. The target range data potentiometer contains 
a linearly wound card to which +lo6 2/3 volts is applied. The range servo of the 
TTR positions a single brush a r m  which picks off a voltage proportional to the 
slant range of the target.  & (slant range) is always positive regardless of the 
target azimuth, and the voltage representing DT, taken from the range data 
potentiometer, is always positive. The elevation data potentiometer requires  
that DT be supplied to i t  a s  both a positive and negative voltage. Two DC ampli- 
fiers a r e  used to perform this function and to supply the positive and negative 
voltages representing DT to the elevation data potentiometer; they also provide 
necessary isolation. 
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b. Elevation data potentiometer. This potentiometer is a sine-cosine spiral 
potentiometer. It receives two input voltages representing +b and -@. The 
two brush a r m s  (one sine, one cosine) a r e  mechanically positioned to the eleva- 
tion angle a s  the TTR tracks the target. The brush a r m s  pick off voltages repre-  
senting -DT sin ET which equals -HT, and -DT cos ET which equals -RT. ' 

(1) Voltage signs. An explanation i s  required to clarify the meaning of 
positive o r  negative signs preceding the symbol for an element of 
coordinate data. For  example, a symbol such a s  -HT does not neces- 
sarily mean that the voltage analog is negative, but it means that the 
representative voltage is negative when the coordinate element i t  
represents i s  a positive value. 

(2) Outputs of HT. These outputs a r e  taken a t  three separate places. 
Output -HT is taken directly from the elevation data potentiometer 
and sent to the closing speed solver of the computer steering section. 
Output +HT is taken from the +HT amplifier and sent to the intercept 
point solver. A third output, -HT, is taken from the -HT amplifier 
and sent to the target prelaunch differentiator and to the target s teer-  
ing differentiator. 

(3) Voltages representing +RT and -RT. These voltages a r e  developed 
from the -* cos  ET output of the elevation data potentiometer, using 
two DC amplifiers a s  in the development of +HT and -HT. Voltages 
representing +RT and -RT a r e  applied to the target azimuth data 
potentiometer. 

c .  Azimuth data potentiometer. This potentiometer is also a sine-cosine 
spiral potentiometer. The two brush a r m s  of the azimuth data potentiometer 
a r e  mechanically positioned to the azimuth angle a s  the TTR tracks the target. 
Voltages picked off by the brush a r m s  represent -RT sin AT and -RT cos AT. 
As explained above, the positive o r  negative sign preceding a symbol for coordi- 
nate data establishes the polarity of the voltage representing that element of 
data. -RT sin AT = -XT, and -RT cos AT = -YT. Values of XT and Y T a r e  
each taken from three separate places. The quantities -XT and -YT, taken 
directly from the azimuth data potentiometer, a r e  sent to the closing speed 
solver The quantities +XT and +Y a r e  sent to the intercept point solver. 
The quantities -XT and -YT, taken from the -XT and -YT amplifiers, a r e  sent 
to the target prelaunch and target steering differentiators. 

30. MISSILE COORDINATE CONVERTER 

a .  Purpose. The purpose of the missile coordnate converter is to convert 
the missile present position data from spherical to rectangular coordinates. It 
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is almost an exact duplicate of the target coordinate converter, even to inter- 
changeability of component s. 

b. Components. The three data potentiometers a r e  located with the MTR 
components; the ten DC amplifiers a r e  located in the computer amplifier cabi- 
net. The range data potentiometer is energized by the scale factor voltage and 
supplies range data a s  does the target range data potentiometer; however, the 
maximum value of DM is limited by the MTR range servo system. 

c .  Input data. The inputs a r e  DM, EM, and AM and the outputs a r e  Xhg, 
YM, and HM. 

d. Output data. The scale factor for the.output data is 1 millivolt per yard. 
l k s  data is sent to the following places: 

H (1) +HM to the network is the closing speed solver. 

(2) -HM to the missile away circuit and to the missile differentiator 
circuit. 

(3) +XM and +YM from the azimuth data potentiometer to the closing 
speed solver. 

(4) -XM and -YM from the -XM and -YM amplifiers to the initial turn 
section, and to the missile differentiators. 

(5) +XM and +YM from the +XM and +YM amplifiers to the initial turn  
section. 

31. LAUNCHER PARALLAX UNIT 

The purpose of the launcher parallax unit is to supply, to the intercept point 
solver, coordinate data from handset potentiometers representing the location 
of the launcher a rea  with respect to the TTR. It is desirable that the predicted 
intercept point be computed with respect to the exact location from which the 
missile is to be launched. Until the designated missile is tracked by the MTR, 
the exact missile position data a r e  not available. Therefore, the launcher 
parallax unit supplies data which represents the coordinates of the geometric 
center of the launcher area.  After a missile is tracked by the MTR, the data 
from the launcher parallax unit a r e  replaced by missile position data through 
relay contacts. Since the height of each launcher position in the launcher a r ea  
will not vary greatly in most cases,  i t  is not necessary to refine the height data 
to the exact missile height. The three potentiometers of the launcher parallax 
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unit a r e  located on the computer control panel. The maximum data setting in 
each coordinate is +6,000 yards. The scale factor is 1 millivolt per  yard. 

32. MATHEMATICAL ANALYSIS OF THE LAUNCHER PARALLAX UNIT 

To determine the intercept point and the time of flight of the missile, the dis- 
tance between the target and the missile must be known. Since the launcher hold- 
ing the missile may be up to 3 miles from the TTR, the launcher-to-TTR distance 
must be considered in  the computation of the intercept point. The intercept point 
is then determined with respect to the launcher position. Figure 17 il lustrates 
the problem of the effect of launcher parallax. With the TTR position a s  the ori-  
gin of coordinates, a condition is shown where both the target and the missile 
location a r e  in the f i rs t  quadrant. The positions for both target and missile a r e  
resolved into rectangular coordinates. For  simplicity of discussion, consider the 
X coordinate only. XT is the target coordinate. XL is the launcher coordinate. 
The distance desired is the X distance between the missile and target positions. 
This is calculated by subtracting the position of the launcher from the position of 
the target: X = XT - XL. Y and H a r e  similarly determined by using Y = YT -YL 
and H = HT - HL. Thus, to define the distance between the target and the missile 
the distance between the TTR and the missile must be known. 

Figure 17. Calculation of launcher-to-target distance. 
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33. TARGET PRELAUNCH DIFFERENTLATORS 

a .  Purpose. Velocity multiplied by time is equal to distance. Computation 
of the intercept point is based upon the distance a moving target will have trav- 
eled during a given time of flight. The target coordinate converter supplies the 
target present position data. It is the purpose of the ta rge t  prelaunch differen- 
tiator to produce data proportional to the rate  of change of the target present 
position in order to compute the intercept point. Symbols for these data a r e  Xp, 
, and kp. 

b. Differentiator circuit. The target prelaunch differentiator consists of 
three DC amplifiers, with capacitor inputs for differentiation, and resis tor-  
capacitor feedback networks for data smoothing. The amplifiers a r e  labeled 
according to their output data. The inputs a r e  -XT, -YT, and -HT. The out- 
puts a r e  &, ';lp, and &. The output scale factor is 12.5 millivolts per  yard 
per  second. 

c .  Operation. The target prelaunch differentiator is enabled by relay opera- 
tion when the TARGET TRACKED signal is received. The functional operation 
is similar to that of the target steering differentiator and the missile differentia- 
tor to be studied later.  The basic difference is in the data-smoothing character- 
istic s. The target prelaunch differentiator uses 4- second, data- smoothing 
networks, but the target steering differentiator and missile differentiator uses 
2- second, data smoothing networks. 

34. SIMPLIFIED FUNCTIONAL OPERATION OF PRELAUNCH DIFFERENTIATORS 

a .  General. Since the three differ~ntiating circuits of the target prelaunch 
differentiator a r e  identical, only the +Hp differentiator will be considered. The 
input is -HT. 

b. Measurement of change of target position. When the position of the target 
is changing in altitude, there will be an output voltage whose amplitude is propor- 
tional to the rate  of change of HT. A positive present position of the target in the 
H coordinate is represented by a negative voltage input to the differentiator. If 
the target is increasing in altitude a t  a uniform rate,  the negative voltage repre-  
senting the H position will be changing to a greater  negative value, and the input 
voltage on the grid of the DC amplifier through the capacitor input will be nega- 
tive. The DC amplifier will then have a positive output voltage whose magnitude 
is proportional to the H component of target velocity. Since the I-l coordinate is 
increasing, the velocity is positive. Thus, there is a positive voltage represent- 
ing a positive velocity, and the DC amplifier is labeled +Hp. 
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c .  Data smoothing. The data-smoothing network is a resistor-capacitor net- 
work in the feedback circuit of the DC amplifier and is used to average the spuri- 
ous rate  voltages developed in the differentiator. The spurious rate  voltages a r e  
a result of the uneven rate  a t  which the TTR tracks a target, and the small voltage 
steps in the prese-nt position dat? due to the granularity of the data potentiometers. 
The output data +Xp, +kp, and +Hp a r e  sent to the intercept point solver. 

35. THE INTERCEPT POINT SOLVER 

a .  Purpose. The purpose of the intercept point solver is to solve for the rec-  
tangular coordinates (XI, YI, HI) of the point where the missile should meet the 
target. After the MISSILE TRACKED signal is received, the origin for the pre-  
dicted intercept coordinates is the designated launcher. (Before this signal, the 
center of the launcher a rea  is the origin for the intercept point coordinates.) The 
AG servo computes the proper gyro azimuth, &. Because this azimuth is meas- 
ured from the designated launcher to the predicted intercept point, the AG servo 
must use intercept point coordinates (XI, YI) with the designated launcher a s  the 
origin. 

b. Components. The intercept point solver is used only in the prelaunch sec- 
tion of the computer. It is composed of three similar channels: one for X, one 
for  Y, and one for H. Each channel consists of a time-of-flight potentiometer, a 
dead-time potentiometer, and an input network; the XI and YI channels each con- 
tain one positive and one negative DC amplifier, but the HI channel contains a 
negative amplifier only. 

c .  Location of potentiometers. The three time-of-flight potentiometers a r e  
located in the time-to-intercept servo assembly in the servo cabinet. The dead- 
time potentbmeters a r e  located in the servo and timer assembly in the servo 
cabinet. The five DC amplifiers and their respective input networks a r e  located 
in the computer amplifier cabinet. 

d. Inputs. >e inp.uts to the.intercept point solver from the target prelaunch 
differential a r e  +Xp, +Yp, and +Hp (representing target velocity components). 
The scale factor of these inputs is 1 2 . 5  mv/yd/sec. Inputs +XT, +YT, and +HT 
(representing target present position) come from the target coordinate converter 
with a scale factor of 1  mv/yd. Inputs -XL, -YL, and -HL come from the 
launcher parallax unit with a scale factor of 1  mv/yd. 

e .  Outputs. The outputs +XI, -XI, +YI, and -YI go to the & servo. The -XI 
and -YI outputs also go to the horizontal plotting board. The -HI output goes to 
the ballistic circuits and to the vertical plotting board. All outputs of the inter- 
cept point solver have a scale factor of 1  mv/yd. 
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36. MATHEMATICAL ANALYSIS OF THE INTERCEPT POINT SOLVER 

a .  Computing XI. The intercept point coordinates a r e  measured from the 
launcher to the intercept point. For simplicity, figure 18 depicts a special 
situation for the solution of only the XI coordinate by the intercept point solver. 
The formula for XI is 

Launcher parallax, XL, is the X coordinate of the launcher position (from the 
target radar) in yards. By subtracting launcher parallax from the coordinate, 
XT, of the present target location from the TTR, the launcher-to-target dis- 
tance (XT - XL) is obtained. Target velocity, kp, multiplied by the total time 
from FIRE until intercept (t + td), gives the distance the target will travel until 
i t  is intercepted by the missile.  This distance, Xp (t + u ) ,  is added algebrai- 
cally to the launcher-to-target distance (XT - XL), giving the coordinate XI of 
the intercept point from the launcher. 

INTERCEPT 
POINT +Xp 
N 

Figure 18. Computation of the intercept point coordinate, XI. 

b. Specific example. Any quantity in equation 18 can be positive o r  nega- 
tive. The usual sign conventions apply: east, north, and up a r e  positive; 
south, west, and down a r e  negative. For  example, consider the situation 
shown in figure 18. The launcher is 4,000 yards  east  of the TTR. The target 

CONFIDENTIAL - MODIFIED HANDLING AUTHORIZED 



CONFIDENTIAL - MODIFIED HANDLING AUTHORIZED 

TM 9-5000-3 
10 April 1956 

is a plane presently located 60,000 yards east  of the TTR and is moving west- 
ward toward the defended area  with an X component of velocity of 600 mph. At 
this instant the dial on the time-of-flight predictor reads 63 seconds. Following 
is a tabulation of given data: 

xp = -600 mph = -300 yd/sec 

t = 63 sec 

Substitute these values in equation (8) and solve for the X component of the inter- 
cept point. 

XI = +35,000 yards. 

The predicted intercept point is located 35,000 yards east of the designated 
launcher. Bear in mind this solution is for one instant only (t = 63 sec): 
in the computer the solution for the intercept point (during prelaunch) is 
continuous. 

c .  Computing YI and HI. YI and HI a r e  computed in exactly the same 
manner a s  XI and their equations are: 

d. Dead time. Note that td, the dead time, is always 7 seconds during the 
prelaunch solution. This 7 seconds i s  the expected time interval between the 
pressing of the fire button (FIRE) and roll stabilization. This time is allocated 
in the following manner: 2 seconds after FIRE for the mechanical settling of the 
caged roll-amount gyro in the missile, 3 seconds for booster burnout and separa- 
tion, and 2 seconds for the missile to accomplish roll stabilization, i. e . ,  the 
pointing of the missile belly toward the predicted intercept point. 

e .  Time of flight. Time of flight, t ,  is assumed to be properly computed 
by the time-of-flight predictor. Note that t is measured from FIRE + 7 seconds 
until intercept. The dial on the front of the time servo drawer will read time of 
flight, t, during the prelaunch solution. 
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37. OPERATION OF INTERCEIT POINT SOLVER AFTER FIRE 

At FIRE the AG angle solution is fixed (frozen) and the missile is launched 2 
seconds later.  The prelaunch computer section cannot cease operation a t  this 
time because i t  is necessary to have a smooth time solution transition from the 
prelaunch solution to the steering time solution (if target velocity does not change) 
between FIRE and FIRE + 7 seconds. The dead time unit performs this function. 
The change in target position during this 7-second interval is compensated for  by 
the decrease of dead time, td. For example, consider the preceding illustrative 
problem. At FIRE the computed intercept point component XI was +35,000 yards. 
Now consider the same problem 6 seconds after FIRE ( Q  = 1 sec) with no change 
in target velocity. The new target position coordinate (XT) would be +58,200 
yards. Use equation (8) which is also applicable after FIRE. 

XI = +35,000 yards. 

It can be seen that throughout the 7-second interval after FIRE, the predicted 
intercept point solution does not change if the target velocity is unchanged. 

38. DEAD-TIME UNIT 

a. Purpose. One purpose of the dead-time unit is to provide for a smooth 
transition between the time-of-flight predictor time solution and the time solu- 
tion of the time-to-intercept servo. Another purpose is to reject the missile a t  
FIRE + 5 seconds if i t  has  not left the launcher. 

b. Sequence. The solution for time in the Nike I computer i s  performed by 
the following units for the intervals indicated: 

INTERVAL UNIT SOLVING FOR TIME 

PRELAUNCH 

TARGETTRACKED 
to FIRE 

Time-of-flight predictor (t changing); dead- 
time unit (td constant a t  7 seconds). 

FIRE Time-of-flight predictor (t constant); dead- 
to FIRE + 7 seconds time unit (Q decreases from 7 seconds to 

zero). 
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At FIRE + 7 seconds 

MA + 4 seconds 
to ON TRAJECTORY 

ON TRAJECTORY 
to t = 0.25 secona 

t = 0.25 second to 
t = 0  second 

Prelaunch time components cannot change 
the time solution. This instant ordinarily 
coincides with roll stabilization and MA + 
4 seconds. 

STEERING 

Time i s  decreased at 1 second per  second 
by bias circuit in time-to-intercept servo. 

Time solution performed by time-to- 
intercept servo. 

Time i s  decreased a t  1 second per second 
by bias circuit in time-to-intercept servo. 

The above data indicates that the dead-time unit controls the time solution from 
FIRE to FIRE + 7 seconds. The dead-time unit, in effect, freezes the intercept 
point solution (XI, YI, and HI) for 7 seconds if the target velocity does not change. 
If the target velocity does not change, the time-of-flight predictor will not change 
i t s  solution for t and a smooth transition to control by the time-to-intercept servo 
will be affected. 

c .  Dead-time mechanism. The dead-time unit i s  located in the right side of 
the servo and timer assembly in the servo cabinet. An electromagnetic clutch 
controls the application of mechanical power from the dead-time motor to the 
gearing. Tlus clutch energizes at  FIRE. A dial indicating the dead time i s  visi- 
ble from the front of the servo cabinet. A friction clutch prevents the dials and 
gearing from turning after the magnetic clutch has been disengaged. The dead - 
time potentiometers contained in the assembly a r e  used by the intercept point 
solver. Microswitches control zero reset  and the missile reject action. 

39. BALLISTIC CIRCUITS 

a .  General. To determine the ballistic functions of the missile during the 
prelaunch phase, a special circuit i s  used which can represent these character- 
is t ics  of the missile a s  a function of time. It is ,  in a sense, a ballistic table to 
which the computer can refer.  

b . Components. These tables a r e  composed physically of a DC ampliuer 
and i t s  input network, a modulator, a low-power servoamplifier, a servomotor 
generator and associated gearing, a feedback device for geometric gain control, 
three potentiometers, and several resistive networks. The B amplifier and input 
network a r e  located in the amplifier cabinet. The B modulator and low power 
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servoamplifier a r e  located in the r ea r  bay of the amplifier cabinet. A ballistic 
resistor panel, located a t  the top of the servo cabinet, contains most of the 
resistive networks. The servo and timer assembly mounts the mechanical par ts  
of the AG and B servos, and td unit. The portion relating to the ballistic c i r -  
cuits is in the center; that is,  the potentiometers, servomotor generator, and 
gearing. 

c .  Inputs. The quantity -HI is supplied a s  one input voltage from the intercept- 
point solver with a scale factor of 1 mv/yd. The t servo produces a +t voltage and 
positions mechanically four potentiometer brush a rms .  From the +t voltage and 
the brush arms,  voltages a r e  generated which position the ballistic servo system 
through a normal computer servo channel. 

d. Outputs. The ballistic circuits provide two output signals to the tp l  input 
network, +RB and +DB cos B, which together a r e  analogous to a gro'und range to 
the intercept point. 

40. MATHEMATICAL ANALYSIS OF BALLISTIC CIRCUITS 

a .  Constant time circles.  When this system was developed in the laboratory, 
i t  was found that the flight of the missile could be related to constant time circles.  
Some of these a r e  illustrated in figure 19. If a missile were launched from 
the origin of this coordinate system, i t  would require 40 seconds to reach any 
point on the 40-second curve. Thus, i t  would require the same time, 40 seconds, 
to reach a target at  a 22,000-yard horizontal range and a 57,000-foot dt i tude 
a s  would be required to reach one a t  a 24,000-yard range and a 6,000-foot alti- 
tude. These curves can be approximated by circles  called constant time circles, 
each of a different radius. The center of these circles  a r e  identified by labeled 
points on the locus. Because there is but one constant time circle for any one 
point of the locus, and because each time circle  has a different radius, i t  is 
possible to plot the coordinates of the circle centers and radii a s  functions of 
time. 

b. Ballistic elevation angle B. In figure 20, the circle center i s  represented 
by the coordinates RB and HB; the radius by Dg. Any point in the AG plane, for 
example, can be designated by using HB, RB, Dg, and the angle a t  which the radius 
DB must be positioned from the horizontal plane. This angle is the ballistic eleva- 
tion angle B. Angle B is determined by the ballistic elevation B-servo. Angle B 
is needed only to obtain a correct value of time of flight. 

c .  The t-servo. This servo compares the computed ground range to the inter- 
cept point from the gyro azimuth servo (-RI) with the empirical ground range from 
the ballistic circuits (RB + DB cos B) in the equation 

-RI + R g + D g  cos  B = 0. (11) 
3 3 
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This solution presumes a correct value of angle B, which must be determined. 
-XI and -YI a r e  used in the AG servo to obtain -RI for  use in the t servo, so B 
must be found by using other parameters.  

CONSTANT TIME \ 
CIRCLE \ 

rr 
\ 

Figure 20. Calculation of ballistic elevation angle. 

d. Ballistic height. In figure 20, the ballistic height of the intercept point 
is composed of the parameter HB and the projection of the radius DB on the per- 
pendicular from the intercept point to the horizontal plane. The predicted height 
of intercept is 

+HI = H T - H ~ + H ~ ( ~ + ~ .  (12) 

The missile and the target should coincide in the vertical plane a t  burst, so the 
B-servo uses the equation 

-HI + HB+ Dg sin B = 0. (13) 

to obtain a solution for  angle B. HB and Dg a r e  generated in the ba l i s t ic  circuits. 
-HI is available from the intercept? point solver. This leaves sin B the only 
quantity of equation (13) to be controlled by the B-servo. It should be remembered 
that sin B may be of either polarity, positive i f  angle B is above the horizontal, 
negative if below. 

3 5 
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41. SIMPLIFIED FUNCTIONAL OPERATION OF BALLISTIC CIRCUITS 

a .  B-servo system. The functional block diagram of a simple closed loop 
control system is drawnin dashed line in figure 21. The controlled variable is 
compared with the reference inputs by a c o m p r a i o r  . The e r r o r  existing between 
the input and output is used to energize elements in the controller, which control the 
output in an effort to eliminate the e r ro r .  As may be seen in figure 21, the B-servo 
conforms to a basic closed loop control system. The reference input (-HI) from the 
intercept point solvei' i s  applied to the comparator (B-amplifier). The second 
reference (+HB and +Dg) i s  generated in other par ts  of the ballistic circuits.  HB 
i s  fed directly to the comparator, but DB is modified by the feedback element 
(a B sine potentiometer card) before being used in the comparator. If correct 
values a r e  assumed for t and AG, then Dg is the only input to be altered by feed- 
back. Since -HI i s  a negative voltage, +HB + DB sin B must ordinarily be a posi- 
tive voltage in order that equation (13) be used by this servo. When the two 
reference inputs a r e  of equal magnitude, no e r r o r  exists and the equation (13) 
i s  satisfied. 

I - - - - -  1 
'"I r - - - - - - - - - - 1  

( lst REF) 
' I  
! e 9 MOWLA-- 

TOR 
I I  

0 + + + + + + +  + + + + +  
(CONTROLLED VARlA0LEl 

I (FEEDBACK) 
1- BEMENTI 1 

Figure 21. The B-servo on a basic closed loop control system. 

b. Controller operation. Before reaching a solution, the B-amplifier applies 
the e r r o r  (d-c voltage) to the modulator. Here it modulates a 400-cps, a-c volt- 
age in both phase and amplitude to control the motor. This a-c  voltage i s  raised 
in power level by the low-power servoamplifier and applied to the control winding 
of the servomotor generator. Since the generator i s  directly attached to the 
motor armature, it has a s  i t s  output a 400-cps voltage that i s  directly propor- 
tional to the motor speed. This voltage, 180" out of phase with the voltage going 
to the servoamplifier from the modulator, i s  mixed with the a-c drive voltage a s  
negative feedback, and is used to damp oscillations of the drive elements of the 
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servo. The controlled variable B is a mechanical shaft position of the brush 
a r m s  of five B-potentiometers. One of these potentiometer cards  i s  used a s  the 
feedback element. 

42. GYRO AZIMUTH SERVO 

a .  Purpose. One purpose of the gyro azimuth servo is to solve for the proper 
azimuth (AG) to the predicted intercept point. A second purpose is to solve for 
the ground range to the intercept point (-RI) which i s  sent to the time-of-flight 
predictor. 

b. Components. The & servo consists of two sine-cosine potentiometers, 
a DC amplifier, a modulator, a low-power servoamplifier, a servomotor genera- 
tor,  and a geometric gain control. The inputs come from the X and Y channels 
of the intercept point solver. One output is a shaft motion that positions the & 
resolver in the gyro azimuth transmission system to transmit the gyro azimuth 
data to the launcher area.  A second output, -RI, goes from the sine-cosine 
potentiometers to the time-of-flight predictor. The scale factor in this servo 
i s  1 mv/yard. 

c .  Geometric gain control. The servo system contains a circuit called a 
geometric gain control which causes the & servo system to have the same 
response when intercept points a r e  at short ranges a s  a t  long ranges. Without 
the geometric gain control, the servo system would be l e s s  sensitive and would 
take longer to solve for the & angle at  shorter ranges. This i s  undesirable 
since at short range, time is at a premium, & changes faster,  and the AG 
solution must be more accurate than a t  greater  ranges. Geometric gain control 
in the AG servo consists of increasing the gain of the & DC amplifier a s  the 
ground range to the intercept point decreases. 

43. MATHEMATICAL ANALYSIS OF GYRO AZIMUTH SERVO 

a .  The gyro azimuth angle. The & servo solves for the gyro azimuth (AG) 
of the predicted intercept point by comparing elements of the triangle shown in 
figure 22. The gyro azimuth (AG) is the clockwise angle (measured in mils  at 
the designated launcher) from north (Y-axis) to the predicted intercept point. 

b. Example. A gyro azimuth of 5,600 mils indicates that the predicted 
intercept point is exactly northwest of the launcher designated to fire.  The 
right triangle whose legs a r e  XI and YI, define the & angle. This can also be 
stated a s  follows: The & angle is the angle the tangent of which is XI divided 
byY1. Or, 

tan AG = 2, 
YI 
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The tangent of any angle is i t s  sine divided by i t s  cosine. Therefore, 

sin & 
tan AG = rAC. 

By equating the expressions for tan AG given in equations (14) and (15) equation 
(16) is obtained: 

XI sin & - - - -  
YI cos &' 

Cross-multiplying in equation (16), it is found that 

YI sin AG = XI cos AG (17) 

o r  
YI sin AG - XI cos AG = 0. 

Equation (18) is the mathematical expression used by the AG servo to determine 
the gyro azimuth. For  any given XI and YI, the AG solution is correct  when 
equation (18) is satisfied, that is ,  when the difference between YI sin AG and 
XI cos AG is zero. 

L 

GROUND PROJECTION 

DESIGNATED 
LAUNCHER 

Figure 22. Trigonometry involved in AG solution. 
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c .  Alternate solution. Equation (17) can also be obtained by dropping a per-  
pendicular line (U) from the right angle to the hypotenuse a s  shown in figure 22. 
Two smaller triangles a r e  thus created. The small left triangle yields the  rela-  
tionship: U = XI cos  &. The right small triangle gives U = YI sin &. By 
equating the two expressions for line U, equation (17) above is obtained. 

44. SIMPLIFIED FUNCTIONAL OPERATION OF GYRO AZIMUTH SERVO 

a .  General. The functional block diagram of a basic servo (closed loop 
control) system is shown in ST 44-161-ly, page 109. The controlled variable 
(output) is compared with the reference inputs by an e r r o r  measuring means 
(comparator). The existing e r r o r  between the input and output is used to actu- 
ate elements which control the output variable to eliminate the existing e r r o r .  
In most servos the reference inputs a r e  constantly changing so that an actuating 
e r r o r  always exists in order  to keep the output following the inputs a s  closely a s  
possible. The gyro azimuth (&) servo system conforms generally to the basic 
servo system. The elements of the & servo a r e  arranged a s  a basic closed loop 
servo. 

b. Inputs and outputs. The reference inputs (?XI, fYI) from the intercept 
point solver a r e  applied to sine-cosine potentiometers (feedback elements) whose 
brushes a r e  positioned by the feedback. The outputs of the feedback elements 
a r e  -XI cos  & and +YI sin & which a r e  compared in the & DC amplifier 
(comparator). Note that each of the inputs to the & amplifier (+YI sin &, for 
example) is the product of a reference input (+YI) and a feedback function 
(sin &). When the two inputs to the AG amplifier a r e  equal and opposite the 
equation YI sin & - XI cos & = 0 is satisfied, the actuating e r r o r  (d-c voltage) 
approaches zero, and the proper solution for & has been obtained. 

c .  Servo operation. The d-c input (actuating e r ror )  to the modulator is used 
to control the phase and amplitude of a 400-cycle a-c  voltage to properly control 
the servomotor generator a s  was described in paragraph 41b above. The output 
(controlled variable) is a mechanical shaft motion which positions the & resolver. 
The & resolver transmits & data to the launcher area. The feedback is a 
mechanical shaft motion which positions the AG potentiometer brushes. 

45. T I M E a F  -FLIGHT PREDICTOR. 

a .  Purpose. The purpose of the time-of-flight predictor is to determine a 
correct  time of flight of the missile from the end of f i re  + 7 seconds to the pre- 
dicted intercept point. The time is indicated in a window on the ffont of the 
servo cabinet. 

b. Dead time. At this stage of operation, there is a constant dead time 
(7 seconds) reckoned to provide compensation for mechanical functions which 
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must always occur between the instants of FIRE and ROLL STABILIZATION. 
Dead time (td) also appears in a servo cabinet window. Together, these figures 
yield the total time which will elapse between FIRE and intercept. 

c .  Inputs. The inputs to the servo a r e  -RI from the AG servo, and RB + Dg 
cos B from the ballistic circuits, all with a scale factor of 1 mv/yd. In a previ- 
ous discussion of the determination of the intercept point, the time of flight of 
the missile was assumed. The time was needed, along with target velocity, to 
calculate the distance the target would move between the instants of fire and 
intercept. In this discussion, correct values of intercept point, gyro azimuth, 
and ballistic data will be assumed. 

d. Outputs. The controlled outputs a r e  mechanical positioning of potentiome- 
t e r  brush a r m s  and voltage analogs of the time of flight. 

e .  Components. Some of the physical components which constitute the time- 
of-flight servo a r e  also used in the time-to-intercept servo during the steering 
phase of computer action. Two identical input networks tpl  and 
below the t-amplifier in the left amplifier frame. During the pre fp2, aunch are phase, located 
network tpl feeds the e r r o r  voltage to the t-amplifier. The tp2 network is used 
in conjunction with the time slew control circuits. The normal computer servo 
modulator and low-power servoamplifier which follow the t-amplifier a r e  located 
in the amplifier cabinet. The modulator chassis is shared with the ~ S L R  circuit. 
The time-to-intercept servo assembly at the center of the computer servo cabinet 
contains the remainder of the components: servomotor generator and associated 
gearing and switches, a slew motor, and potentiometer cards.  Two d-c ampli- 
fiers,  i-t and -t, a r e  also located in the left amplifier frame. 

46. MATHEMATICAL ANALYSIS OF TIME-OF-FLIGHT PREDICTOR 

a .  Ballistic vs computed range. The equation used by the time-of-flight 
predictor to solve for a time of flight is 

-RI + RB + ~g cos B = 0. (19) 

RB + Dg cos B is an implicit function of time discussed in paragraph 33a above. 
In figure 23, the ballistic ground range is shown to be composed of two parts.  
The first  is the distance from the launcher to the ground projection of the center 
of the constant time circie  being used. The second i s  the ground projection of 
the constant time circle  radius. If the ballistic elevation is B, then simple trigo- 
nometry gives the ground projection of the radius a s  Dg cos B, which is always 
a positive quantity. -RI is also a function of time, since 

RI = XI sin AG + YI cos AG. 
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Substituting these in equation (20) 

RI = XT sin k - XL sin AG + xp (t + fd) sin k 

+ (xp sin & - +p cos k )  (t + td) 

RI = RT - R L + ( t + f d )  Rp. 

This quantity is also positive by definition. Both represent the horizontal range 
from the launcher to the intercept point. RI i s  the computed range, and RB + DB 
cos B i s  the ballistic range. If the missile is to destroy the target, the ballistic 
and computed ranges must be equal. 

Y 

Figure 23. The horizontal range triangles. 

b. Solving for time. The problem is to find a value of time that will make 
equation (19) true. The t servo solves the problem by the method of successive 
approximations. The time-of-flight predictor selects a val-ue of t, substitutes 
this t in the equation (19), and tests  the solution. If the solution is not zero, 
another value of t is used in the same process. Eventually, the correct time 
of flight is determined. 

4 1 
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47. SIMPLIFIED FUNCTIONAL OPERATION OF TIME -OF- FLIGHT PREDICTOR 

a.  Definition. The time of flight determined by the time-of-flight predictor 
is the time required by the missile to reach the intercept point from i t s  position 
at the end of roll stabilization. Dead time takes care  of the period between FIRE 
and the end of roll stabilization. During the prelaunch calculations t is constantly 
changing and td is a constant 7 seconds. 

b. Time servo. The circuits used to find the time of flight readily fit into 
the picture of a basic closed loop control system. The controlled variable t is 
used to modify the two reference inputs. A comparator (t-amplifier and input 
network) compares the two references. The difference between the references 
i s  the actuating e r r o r  e .  The e r r o r  passes on to the drive elements of the servo. 
In the modulator the d-c e r r o r  voltage becomes an a-c  e r r o r  voltage. The low- 
power servoamplifier ra i ses  the power to a level sufficient to drive the servo- 
motor generator. This motor positions a number of time potentiometer brush 
a rms .  Al te r~ t ion  of the brush a r m  positions affects both reference inputs. This 
is done in the feedback elements (intercept point solver and ballistic circuits). 
The outputs a r e  a mechanical position of the brush a r m s  and a d-c analog voltage. 

Section 111. THE INITIAL TURN SECTION 

48. THE INITIAL TURN PROBLEM 

a .  General. Two situations exist which threaten to reduce the ability of the 
Nike I battery to attack targets under all conditions. These situations a r i s e  from 
the limitation imposed upon the Nike I battery by the need for a booster disposal 
a rea  and from the maximum tracking ra tes  of the missile-tracking radar .  

b. Inclination toward booster disposal a rea .  The launcher erecting a rm is 
slanted 5" from the vertical toward the booster disposal area.  Since the launcher 
is fixed, it cannot be pointed in any other direction. One situation will a r i s e  when 
the intercept point is in a direction far  removed from the direction of the booster 
disposal area.  By the time the missile has  completed the 7g dive, i t  will be fly- 
ing almost horizontally at a high ground speed and may be a long way from the 
gyro reference plane. If no order  were applied prior to the completion of the 
dive, the steering orders  required to bring the missile back into the gyro refer- 
ence plane might result in turns which would exceed the 70" gimbal l imits of the 
missile and thus prevent the missile from ever intercepting close-in targets.  
The initial turn section eliminates the possibility of this situation by producing 
outputs which cause the missile flight path, after roll stabilization, to remain 
in a plane parallel to the gyro reference plane. Although the missile will be a 
short distance away from the gyro reference plane at roll stabilization, the initial 
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turn section prevents this distance from increasing a s  the missile dives. Thus, 
after the missile completes the dive and the ON TRAJECTORY signal is received, 
the steering orders required will not cause the missile to exceed the 70" gimbal 
limit in turning onto the intercept course. 

c. Excessive tracking rates. This situation arises if  the missile on i t s  out- 
bound flight path were to pass close enough to the missile-tracking radar to 
exceed the maximum tracking rates of the antenna, thus causing the radar to 
lose the missile. The initial turn section eliminates this possible situation by 
determining whether o r  not the missile is in danger of passing too close to the 
MTR. If this danger exists, the initial turn section produces outputs which 
cause the missile to skirt the MTR. When the missile has safely passed the 
MTR, the initial turn section removes the skirting turn order, and if necessary, 
causes the missile to fly parallel to the gyro reference plane until the ON TRA- 
JECTORY signal is produced. The initial turn section must perform properly at 
all times to make certain that the two situations just discussed will never occur. 

49. INITIAL CLIMB AND TURN ANGLES 

a. General. Before launching any missile, the launcher erecting arm is 
normally tilted 5" from the vertical and the launcher is oriented in the direction 
of the booster disposal area. After the missile is launched, the booster sepa- 
rates from the missile and lands in the booster disposal area. A missile 
launched under these conditions never s tar ts  out vertically. Furthermore, since 
the booster disposal area and the intercept point a re  rarely at the same azimuth, 
the missile will seldom be headed in the direction of the intercept point. Con- 
sequently, the missile will have initial climb and turn angles different from 0". 

b. Effect of gravity. Even if the thrust on the tail-end of the missile i s  evenly 
distributed, the missile will be less  vertical at roll stabilization than when on the 
launcher rail because of the effect of gravity on the missile. Thus, the initial 
climb angle and initial turn angle will be different from what they would be i f  grav- 
ity had no effect. Other factors which may throw the missile off the vertical a re  
uneven booster thrust on the tail-end of the missile and transients which change 
missile direction when the missile and booster separate. 

c. Initial turn and climb angles. Figure 24 represents the limits of initial 
turn and climb angles which may exist at the end of roll stabilization due to the 
factors which have just been discussed. These limits a re  215" for both the climb 
and turn angles. In t4e idealsituation, it  would be desirable to launch the missile 
vertically; then, when the 7g dive is applied, the missile would execute a pure 
dive in the gyro reference plane. However, because the missile is not launched 
vertically and is always launched toward the booster disposal area, the initial 
climb angle will not be 90" at roll stabilization, and the initial turn angle will not 
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be 0 " .  When the 7g dive order is applied, the missile will execute a pure dive, 
but not in the gyro reference plane. If the 7g dive order  were applied and no 
correction made for  the nonzero initial turn angle, the trajectory of the missile 
over the ground would be a s  shown in figure 25. This figure represents a situa- 
tion where the booster disposal a rea  is in a direction 3,400 mils  greater  than AG. 
The position of the launcher is shown by the letter L.  In the section of the t ra-  
jectory from L to A (fig 25), the missile may move out a considerable distance 
from the gyro reference plane. 

Figure 24. Limits of climb and turn angles during boost. 

44 
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Figure 25. Typical uncorrected missile trajectory. 

d. Initial turn orders .  By the time the missile i s  at a ground distance of 
about 3 miles, the missile will be flying almost horizontally and will therefore 
have a high ground speed. By this time, the ON TRAJECTORY signal will have 
been received by the computer and the steering phase will have commenced. 
Turn orders  a r e  required to turn the missile back toward the gyro reference 
axis. However, if the remaining time to interpret i s  too short (target i s  close 
in), it may not be possible to guide the missile back toward the intercept point 
fast enough to intercept the target. The initial turn section produces appropi- 
ate outputs which result in turn orders  that change the pure dive order  to a 
turning dive order  and results in a O0 turn angle. Once the O0 turn angle is 
established, the initial turn section continues to produce outputs which cause 
the missile to maneuver so that the turn angle remains 0". The missile then 
will maneuver in a plane parallel with and close to the gyro reference plane and 
hence the ground path of the missile i s  parallel to the YG axis. 
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